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CONCLUSION 
A more compliant lower extremity, resulting from increased 
stride length manipulations, causes greater changes in forward 
kinetic energy reflected in COMHV changes. Stride lengths 
greater than 100% leg length may be inefficient during walking, 
perhaps owing to changes in reduced lower extremity stiffness.  
ABSTRACT 
 
PURPOSE: To investigate the kinematic effect on the systems’ center of mass horizontal velocity in response 
to stride length perturbations. METHODS: Twelve healthy adults (23.1±7.71 yrs; 1.69±0.1 m; 66.82±12.6 
kg; leg length 894.7±66.1 mm) performed 5 trials of preferred speed walking (PW) and running (PR)followed 
by 5 stride length perturbations based on percentages of leg length (60%, 80%, 100%, 120% and 140%). 3D 
kinematic analysis was completed using a 12-camera infrared motion capture system (Vicon, 200hz). 
Dependent variables computer for each condition included: center of mass horizontal velocity at the highest 
vertical position (COMHVhi) and at the lowest vertical position (COMHVlo). Statistical analysis included 
correlation matrices across levels of perturbation for each dependent variable (α=.05). RESULTS: COMHVhi 
demonstrated significant correlations with greater than 50% shared variance for PR vs 100% (r=.742), 60% vs 
80% (r=.824), 60% vs 100% (r=.748), 60% vs 120% (r=.709), 80% vs 100% (r=.896), 100% vs 120% 
(r=.887), and 100% vs 140% (r=.728), and 120% vs 140% (r=.895). COMHVlo demonstrated significant 
correlations with greater than 50% shared variance for PR vs 100% (r=.753), PW vs 80% (r=.794), 60% vs 
80% (r=.814), 60% vs 100% (r=.735), 60% vs 120% (r=.748), 80% vs 100% (r=.902), 80% vs 120% (r=.751), 
100% vs 120% (r=.892), and 120% vs 140% (r=.710). DISCUSSION: Results suggest PR and PW have a 
greater relationship to stride length less than or equal to leg length, and thus extending stride length begins to 
diminish mechanical efficiency. It is a well-established mechanical relationship that horizontal velocity is a 
product of stride length and stride rate. Study results suggest that increases in stride length beyond 100% of 
leg length may be less than optimal mechanically. CONCLUSION: Stride lengths greater than 100% leg 




12 healthy young adults  
    23.1±7.71 yr; 1.69±0.11 m; 66.82±12.6 kg;  
894.7±66.1 mm leg length 
Instrumentation: 
12-camera motion capture system (Vicon; 
200 Hz; Figure 1) 
Protocol : 
Institutionally approved written informed 
consent 
36 body markers applied (full body plug-in-
gait model) 
Preferred walking (PW) & preferred running 
(PR); five trials each (Figure 2)  
Five manipulated lengths (percentage of leg 
length); five trials each; walking (Figure 3) 
     •  60%, 80%, 100%, 120%, 140% 
Dependent Variables 
Center of mass horizontal velocity at highest 
position during the stride (COMHVhi) 
Center of mass horizontal velocity at lowest 
position during the stride (COMHVlo) 
Statistical Analysis 
Pearson Product Moment Correlation matrix 
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PURPOSE 
The purpose of the study was to investigate the 
kinematic effects on the systems’ center of mass 




Humans typically perform one of two primary 
gait patterns, walking or running. Groucho 
running has identified a relationship between 
stride length and limb compliance in runners 
allowed to freely choose their stride length.1 It 
has been theorized that humans also choose a 
walking gait pattern that is the most economical, 
both mechanically and metabolically.2 
Examination of the motion characteristics of the 
system center of mass (COM) at various stride 
lengths may lend insight into understanding the 
relationship between COM movement and lower 
extremity stiffness during locomotion during 
walking. 
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r- value 0.742 0.824 0.748 0.709 0.896 0.887 0.728 0.895 
p-value 0.006 0.001 0.005 0.020 <.001 <.001 0.007 <.001 



















r- value 0.753 0.794 0.814 0.735 0.748 0.902 0.751 0.892 0.710 
p-value 0.005 0.002 0.001 0.007 0.005 <.001 0.005 <.001 0.010 
Table 2. Significant Correlations for COMHVlo 
Figure 2:  
Preferred walking trials. 
Figure 3:  
Manipulated stride  
lengths. 
Figure 1:  
Vicon 3D motion  
Capture system 
RESULTS 
Significant correlations sharing greater than 50% variance 
across stride length manipulations are summarized in Tables 
1-2. Average COM velocity as a function of stride 


























Figure 4: COMHV vs. Stride perturbation 
